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The issue of the JOURNAL for January has been 
delayed, due to the closing of all manufacturing plants 


by order of the United States Fuel Administrator. 


GEORGE C. WHIPPLE 
President, Boston Society of Civil Engineers 
I917—1918 
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PROCEEDINGS 


NOTICE OF REGULAR MEETING. 


A REGULAR meeting of the Boston Society of Civil Engi- 
neers will be held on 


WEDNESDAY, JANUARY 23, 1018, 


at 7.45 o'clock P.M., in CHIPMAN HALL, TREMONT TEMPLE, 


BosTON. 
Business of the Meeting.—To choose a committee of five to 


nominate officers for the ensuing year. 

Mr. Frank B. Walker will present a paper entitled, ‘‘ Load- 
ing and Hauling Iron Ore from Mesabi Range to Lake Docks.” 
The paper will be illustrated with lantern slides. 


S. E. Tinxuam, Secretary. 


PAPERS IN THIS NUMBER. 


“ Foundations of the New Buildings of the Massachusetts 
Institute of Technology, Cambridge, Mass.” Charles T. Main 


and H. E. Sawtell. 
‘Concrete Materials and Design of the New Buildings of 


the Massachusetts Institute of Technology, Cambridge, Mass.”’ 
Sanford E. Thompson. 


{* 
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CuRRENT DISCUSSION. 
Discussion 
Paper. Author. Published. Closes. 


“Water Powers of New Eng- Henry I. Harriman. Dec. Feb. Io. 
land.”’ 


Reprints from this publication, which is copyrighted, may be made pro- 
vided full credit is given to the author and the Society. 

Contributors are hereby notified that proof will not be submitted to 
them for examination unless requested before the 1oth of the month pre- 
ceding the month of publication. 


MINUTES OF MEETINGS. 


CAMBRIDGE, December 19, 1917. — A regular meeting of the 
Boston Society of Civil Engineers was held this evening in the 
large lecture hall (Building No. 10), Massachusetts Institute of 
Technology, Cambridge, and was called to order by the Presi- 
dent, George C. Whipple, at 7.45 o'clock. 

There were 151 members and visitors present. 

The record of.the last meeting was read and approved. 

The Secretary reported for the Board of Government that 
it had elected to membership, in the grade of member, Mr. 
Ashley Quincy Robinson. 

The President announced the death of Henry A. Herrick, 
a member of the Society, which occurred on December 14, 1917, 
and by vote he was requested to appoint a committee to prepare 
a memoir. The President has named Mr. Charles T. Main as 
the committee. 

The proposed amendment to By-Law 5, adopted at the No- 
vember meeting, as printed in the November number of the 
JOURNAL of the Society, was adopted again as required by the 
By-Laws, 61 voting in favor and none against. 

Before taking up the literary exercises, the President stated 
that arrangements had been made to exhibit the method used 
at the Institute for illustrating lectures, where a number of 
pieces of apparatus are employed. . With the aid of a small 
railway track, several tables were pushed into the room at the 
speaker’s desk, each of which had been properly fitted up in 
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adjoining laboratories in complete readiness for demonstrating 
the subjects to be treated at the lectures to be given the follow- 
ing day. 

The President then called on Past President Charles T. 
Main, who read the first paper of the evening, entitled, ‘‘ The 
Foundation of the New Technology Buildings.’’ The paper was 
fully illustrated with diagrams and tables showing the results 
of borings and the records of pile driving. 

The paper was discussed by Past President Desmond Fitz- 
Gerald, Mr. Lewis M. Hastings and others. 

‘The second paper presented was prepared by Sanford E. 
Thompson, entitled, “‘ The Theoretical Design of the Structures 
of the New Technology Buildings.’’ In the absence of the author 
the paper was read by Mr. Carl A. Funk, of Mr. Thompson’s 
office. The paper was also illustrated with lantern a A 
short discussion followed. 

On motion of Mr. Fernald the thanks of the Society ‘were © 
voted to the Massachusetts Institute of Technology for its 
courtesy in throwing open its buildings and laboratories for the 
inspection of members, and for the use of its commodious lecture 
room for the evening’s meeting. 

. Adjourned. 
S. E. Tinkuam, Secretary. 


Boston, December 5, 1917. — The regular meeting of the 
Sanitary Section of the Boston Society of Civil Engineers was 
held this evening, in the Society Library, Tremont Temple. 

The meeting was called to order at 8 o’clock by the chair- 
man, Frank A. Marston. The records of the November meeting 
were read and approved. 

The first speaker of the evening, Mr. Stephen DeM. Gage, 
‘ was introduced, and gave an illustrated talk on the subject of 
the sanitary conditions of swimming pools. The next speaker, 
Mr. S. K. Nason, physical director of the Brookline’ Municipal 
Gymnasium, described at length the Brookline Public Baths and 
the method of maintenance. Mr. Greenwood gave a brief 
description of the outdoor swimming pool in Gardner. Many 
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questions were asked by members and visitors, and brief remarks 
were made by Messrs. Blake, Clark, Whipple and Weston. 

It was voted to extend the thanks of the Section to both 
Mr. Gage and Mr. Nason. 

Forty-five members and visitors were present. 

The meeting adjourned at 10.30. 


Henry A. Varney, Acting Clerk. 


APPLICATIONS FOR MEMBERSHIP. 
[January 10, 1918.] 


Tue By-Laws provide that the Board of Government shall 
consider applications for membership with reference to the 
eligibility of each candidate for admission, and shall determine 
the proper grade of membership to which he is entitled. 

The Board must depend largely upon the members of the 
Society for the information which will enable it to arrive at a 
just conclusion. Every member is therefore urged to communi- 
cate promptly any facts in relation to the personal character or 
professional reputation and experience of the candidates which 
will assist the Board in its consideratign. Communications re- 
lating to applicants are considered by the Board as strictly con- 
fidential. 

The fact that applicants give the names of certain members 
as reference does not necessarily mean that such members: en- 
dorse the candidate. 

The Board of Government will not consider applications 
until the expiration of twenty (20) days from the date given. 


EMERSON, JoHN MCNetL, Brookline, Mass. (Age 30, b. Boston, Mass.) 
From June, 1908, to June, 1909, assistant superintendent at factory of Penn. 
Fireproofing Co., St. Marys, Pa., manufacturing hollow terra-cotta blocks; 
_ from 1909 to date, with Pennsylvania Tile and Cons. Co.; for past five years 

has been president of that company; work has consisted of advising on fire- 
proof construction, redesigning and erection. Refers to J. P. Gallagher, 
J. S. Humphrey, Mark Linenthal, James F. Monaghan and J. T. Scully. 

Kitiion, Lours Jon, Roxbury, Mass. (Age 33, b. Boston, Mass.) 

Graduate of Mass. Inst. of Technology, 1905, civil ‘engineering course. From 


erly 
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1905 to 1906, with Lewis F. Shoemaker & Co., Pottstown and Philadelphia, 
Pa., on drafting, shopwork and field erection; from 1907 to 1912, with H. P. 
Converse & Co., Boston, on drafting, designing, estimating and field erection; 
from 1913 to November, 1917, with Drake Bros. Co. as superintendent in 
charge of Boston plant; is now with engineering department of Monks & 
Johnson, on Destroyer Plant at Squantum, Mass. Refers to E. P. Bliss, 
N.C. Burrill, J. E. Carty, H. T. Gerrish, C. M. Spofford and G. F. Swain. 

SAUER, FRED EUGENE, Jr., Everett, Mass. (Age 24, b. Everett, Mass.) 
Graduate of Mass. Inst. of Technology, 1914, civil engineering course, degree 
of B.S. During summer of 1914, rodman with N. Y., N. H. & H.R. R: 
from August, 1914, to February, 1916, assistant engineer on subway construc- 
tion with Public Service Comm., New York City; from February to August, 
1916, structural. draftsman with Post & McCord, New York City; from 
August, 1916, to November 1917, structural draftsman with Navy Dept., 
Washington, D. C.; from November, 1917, to date, assistant engineer with 
Metcalf & Eddy. Refers to C. F. Allen, C. B. Breed, H. P. Eddy and F. A. 
Marston. 

STRAND, Harry LANCASTER, Brighton, Mass. (Age 38, b. Charlestown, 
Mass.) Student at Mass. Inst. of Technology from 1899 to 1901, architec- 
tural engineering course. From 1901 to 1903, with C. B. Lancaster Shoe Co. 
on construction work; from 1903 to 1909, with National Fire Proofing Co. on 
plans and redesign; from 1909 to date, with Pennsylvania Tile and Construc- 
tion Co. as manager, in charge of planning buildings, redesigning and sales. 
Refers to R. D. Bradbury, J. P. Gallagher, C. R. Gow, A. C. Holt, J. S. Humph- 
rey, Mark Linenthal and J. T. Scully. 


LIST OF MEMBERS. 


CHANGES OF ADDRESS. 


PRGPIENIWAE er DH OMASH: sp giete esc ee nc ek ...54 Stearns Rd., Brookline, Mass. 
BART © ORNELIU Sn oale io 5 acre ior sepa aon: oe American Expeditionary Force, France. 
BOK Sy EVEN TAMIN ¢ craccis osc. oy care Monks & Johnson, Box 9, Atlantic, Mass. 


BROWN, WILLIAM AUGUSTINE, 

United States Naval Training Station, Bumkin Island, Mass. Div. 4, Dec. 3. 
CowLes, Luzerne S....15 Dwight St., Coolidge’s Corner, Brookline, Mass. 
@ULLING MGBORGE CW; U) katie, «tee es 10 Post Office Sq., Boston, Mass. 
Dinticke Live REASON 5 Stie 00 woth ed eee? 30 Waverly St., Roxbury, Mass. 
DrummMonb, Capt: WiLLiAM W., 

care W. D. Caiger, 44 Manthorne Rd., West Roxbury, Mass. 
HuBBARD, Serg. CARL P., 

Co. D., 11th Engrs. (Rly), U. S. Expeditionary Force, France. 
HURT SERPHDN  byaacteg. Salen Sn ices = 2 512-Cutler Bldg., Rochester, N. Y. 


MonaGHANn, Capt. JAMES P., ; 
Ord. R. C., U. S. A., 1330 F St. N. W., Washington, D. C. 
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Ricumonp, Lieut. Caru.G.......2. E. O. T.:C., Camp Lee, Petersburg, Va. 
SARGENT, FRANK: C.e.ec ove ete ee eee 201 Devonshire St.,. Boston, Mass. 
Saw; Capt. ARTHUR: L.......0.) 301st Engrs., Camp Devens, Ayer, Mass. 
SMITH, ;SIDNEY 22.2 4.%..- Bich care Hill & Ferguson, Camp Merritt, N. J. 
SuMNER, MERTON R.......%.-% paste: fee Augustine Mills, Wilmington, Del. 
Wane, Lieut. CiirrorD L........Hawthorne House, Wellesley Hills, Mass. 


Warinc, Major CHarLeEs T., 

care Construction Division, Signal Corps, Langley Field, Hampton, Va. 
Wiccin, Capt. THomas H., 
Engr. Corps., U. S. R., care Gen. Taylor, Amer. Expeditionary Force, France. 


Woops CARE Wit) sdateinte Ge serine sere <tete 147 Milk St., Boston, Mass. 

Woop, Capt. Leonarp P....American Expeditionary Force, via New York. 

Worcester, Lieut. RoBERT J. H........ 15 Lexington Rd., Concord, Mass. 
DEATH 

HERRICK HENRY i 5 iag. sites we oe IEE oe te! December 14, 1917 


EMPLOYMENT BUREAU. 


THE Board of Government maintains an employment 
bureau for the Society, to be a medium for securing positions 
for its members and applicants for membership, and also for 
furnishing employees to members and others desiring men capa- 
ble of filling responsible positions. : 

At the Society room two lists are kept on file, one of posi- 
tions available and the other of men available, giving in each 
case detailed information in relation thereto. 


MEN AVAILABLE. 


416. Age 53. Graduate of Mass. Inst. of Technology, 1886. Ex- 
perience consists of one year with U. S. Geological Survey on topographic 
work; about twenty-five years with City of Boston in sewer, engineering and 
public works departments, chiefly on sewers, parks, bridges and special in- 
vestigations; and about two years with prominent engineering firm on studies 
and designs for system of sewers and surface water drains and on bridge de- 
sign. Prefers position in Boston or vicinity. Salary desired, $200 per month. 
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LIBRARY NOTES. 


RECENT ADDITIONS TO THE LIBRARY. 


U. S. Government Reports. 


Abrasive Materials in 1916. Frank J. Katz. 

Annual Report of Governor of Panama Canal for 1916-17. 

Barytes and Barium Products in 1916. James M. Hill. 

Corsicana Oil and Gas Field, Texas. George Charlton 
Matson and Oliver Baker Hopkins. 

Fuller’s Earth in 1916. Jefferson Middleton. 

Geology and Ore Deposits of Ely, Nevada. Arthur C. 
Spencer. 

Geology of Massachusetts and RhodeIsland. B.K.Emerson. 

Geology of Navajo Country. Herbert E. Gregory. 

Hydraulic-Mining Débris in Sierra Nevada. Grove Karl 
Gilbert. 

Irvine Oil Field, Estill County, Kentucky. Eugene Wesley 
Shaw. 

_ Mineral Resources of Kantishna Region, Alaska. Stephen 
R. Capps. 

Mineral Resources of United States, 1915: Part I, Metals. 
H:. D. McCaskey. 

Mining in Lower Copper River Basin and Prince William 
Sound Region, Alaska. F. H. Moffit and B. L. Johnson. 

Our Mineral Supplies: Fluorspar, by Ernest F. Burchard; 
Petroleum, by John D. Northrop. 

Petroleum Withdrawals and Restorations Affecting the 
Public Domain, Issued between January 16 and aaa? 20, 
1916. 

Pulpwood Consumption and Wood Pulp Production, 1916. 
Franklin H. Smith and R. K. Helphenstine, Jr. 

Shorter Contributions to General ah aes David 
White. 

Silica in-1916. Frank J. Katz. 

Spirit Leveling in Nevade> 1897 to 1916, naetnenven Re Bs: 
Marshall. 

Spirit Leveling in Ohio, 1898 to 1916, inclusive. R. B. 


Marshall. - 
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Standard Forms for Specifications, Tests, Reports and 


Methods of Sampling for Road Materials. 
Water-Supply Papers 389, 390, 404, 408, 425-B, 438. 


State Reports. 

New York. Annual Report of Public Service Commission 
for First District for 1915: Vols. I, Appendix F, and III. 

Texas. Tables of Cubic Contents of Levee Embankments. 
Arthur Alvord Stiles. 

Texas. Tables of Velocity of Water in Open Channels, 
derived from Kutter’s Formula. Arthur Alvord Stiles. 


Municipal Reports. 

Boston, Mass. Annual Report of City Planning Board for 
1916. 

Boston, Mass. Annual Report of Transit Commission for 
1916-17. 

Chicago, Ill. Chicago’s Financial Dilemma. Bureau of 
Public Efficiency. 

Fitchburg, Mass. Annual Report of Water Commissioners 
for 1916. 

Northampton, Mass. Annual Reports of City Officers for 
1916. 


Miscellaneous. - y 

American Society for Testing Materials: Proceedings for 
1917. Gift of L. C. Wason. 

Canada, Dept. of Mines: Iron Ore Occurrences in Canada, 
Vol. I, by E. Lindeman and L. L. Bolton; Portfolio of Maps 
illustrating same. 

National Lumber Manufacturers Association: The One- 
Story Schoolhouse Idea, by Fitzherbert Leather; Before Fed- 
eral Trade Commission — Brief on behalf of National Lumber 
Manufacturers Association. 


Reservoirs for Municipal Water Supply. Alfred D. Flinn. 
Gift of author. 


State Sanitation, Vol. II. George Chandler Whipple. 
Gift of author. 


LIBRARY COMMITTEE. 
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NEW ENGINEERING WORK. 


(Under this head a brief description of new engineering work contem- 
plated or under construction will be presented each month. Engineers and 
contractors are requested to send descriptions of their work to the Secretary, 
715 Tremont Temple, Boston, before 1st of each month.) 


Commonwealth of Massachusetts.— METROPOLITAN WATER 
AND SEWERAGE Boarp. — Water Works. — All of the poles and 
towers for the transmission line between the Wachusett and Sud- 
bury power stations have been erected, and are now ready to 
receive the insulators and the copper conductors. 

METROPOLITAN WATER AND SEWERAGE Boarp. — Sewerage 
Works. — Work in progress: Section 98, Wellesley Extension. 

METROPOLITAN PARK Commission. — Old Colony Parkway. 
— Construction of a temporary bridge across the Neponset River 
between Boston and Quincy is in progress; also construction of 
double siphon for water and gas under new channel. 

Boston Transit Commission. — Dorchester Tunnel. — The 
interior finish of Broadway Station is about completed. 

Work is progressing on the interior finish of the station at 
Andrew Sq., and work is in progress on the station for transfer 
of passengers from the surface cars to the tunnel below. 

New York, New Haven & Hartford R. R. Co. — South Boston 
Cut Improvement. — Enlargement of South Boston Cut to Bos- 
ton Freight Terminal, to accommodate four tracks instead of 
two, and reconstruction of eleven overhead highway bridges, so 
as to span four tracks instead of two, progressing. Excavation 
by steam shovel has advanced from westerly end of cut to West 
Fourth Street. Bridge abutments being constructed at West 


Sixth Street. 
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BOSTON SOCIETY OF CIVIL ENGINEERS 
FOUNDED 1848 


PAPERS AND DISCUSSIONS 


This Society is not responsible for any statement made or opinion expressed in its publications 


FOUNDATIONS OF THE NEW BUILDINGS OF THE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
CAMBRIDGE, MASS. 


By CHARLES T. Matn* ann H. E. Sawreitt,t MemBers Boston SOCIETY OF 
Crvit ENGINEERS. 


(Presented December 19, 1917.) 


THE purpose of this paper is to describe — 

Ist. The geological conditions found at the new site of the 
Massachusetts Institute of Technology and the methods used 
in determining the conditions. 

2d. The foundations as built, and the reasons governing 
the types used. 

3d. The pile tests, load tests and designs of portions of the 
foundations. 

Our work on the foundations for these buildings was of a 
consulting nature, and all preliminary work up to and including 
the determination of total live and dead loads of superstructures 
going to the piles was performed by others. 

The Stone & Webster Engineering Corporation’s designs 
and construction work for all piling, footings, piers and walls, 
up to the underside of the first floor beams, were subject to our 
examination, supervision and approval. 


: * Consulting Engineer, 201 Devonshire St., Boston. 
+ Structural Engineer, with Charles T. Main. 
Note. Discussion of this paper is invited, to be received by W. L. Butcher, Editor, 
715 Tremont Temple, Boston, before March 10, 1018, for publication in a subsequent issue of 


the JOURNAL. 
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In order to design foundations for the new buildings, it 
was necessary to make an unusual amount of study of the soil 
and rock underlying the site and the supporting capacity of 
the same. 

In July, 1913, Prof. W. O. Crosby submitted a report on the 
site. This report was based chiefly on the results obtained from 
borings in and just outside the limits of the new site. 

This report shows that the bed rock is found at a depth of 
120 ft. to 135 ft. from the surface, and appears to be quite level. 
The materials overlying the bed rock include, in succession, 
bowlder clay varying in thickness from a few feet to 25 or 30 ft.; 
blue clay with a normal thickness of 60 to 100 ft.; glacial gravel 
ranging from nothing to 35 ft. in thickness; silt from 0.0 ft. 
to 18 ft. in thickness; peat, very thin and showing in a few places 
only, and the artificial filling at the surface varying in thickness 
from a few to I5 or 20 ft. 

The twenty-one borings made by Professor Crosby were - 
rather widely separated, and it was found, soon after actual 
work was begun, that the character and surface levels of the 
glacial deposit changed frequently so that it was thought neces- 
sary to make additional borings one hundred and six in number, 
on or near the sites of the different buildings. 

The locations of both sets of borings are shown on the 
accompanying Fig. I, together with some of the cross sections, 
Figs. 2, 3, 4, 5 and 6, which show the varying character of the 
upper soil which is located under some of the buildings. 

The top of the glacial gravel was found to be at all levels 
_ varying from 6 ft. to 26 ft. below the cut-off grade of piles, and 
the thickness varied from nothing to 35 ft. In a considerable 
part of one or two buildings, no glacial gravel was found. 

Three test pits were dug to a depth of about 22 ft., in order 
to check up the wash borings. Eleven concrete piles and eighty- 
one wooden test piles were driven, while twenty-five piles of all 
kinds were load tested for the purpose of further determining 
the character, resistance and bearing power of the substrata. 

A considerable part of Professor Crosby’s report is devoted 
to the cause of the observed settlements of structures which 
surround the new site. He states that it is his opinion that the 
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BORINGS. 
IN NEW SITE OF MAss. INST OF TECHNOLOGY. 


Section through Borings * 75-17- 18-19. 
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settlements are only such as would be expected from a study of 
their foundations and the underlying earth conditions, and that 
| it is his belief that had the foundations of these structures been 
carried down to or supported on the glacial gravel, they would 
not have settled to any Sp preciEbte extent. 

The term “ glacial gravel” is understood to mean that de- 
posit immediately found above the clay, which varies in charac- 
oF these sand to coarse gravel. As it is found generally 
ea Peni ae i comparatively near the surface, it 
ais pport the foundations upon it wherever prac- 


The clay found under the glacial gravel is of remarkably 
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TYPICAL WALL SECTION 
IN NEW SITE oF MASS. INST. OF TECHNOLOG\ 
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uniform character, of little plasticity, and— to use Professor 
Crosby’s words — “‘ It is probable that in its normal condition in 
the ground all of the clay is devoid of excess moisture and fairly 
to be described as stiff.”’ by 

It has been assumed, however, that if settlement occurs, 
it will be in the clay, and in order to reduce this settlement to a 
minimum it was decided to spread the building loads over the 
glacial gravel as much as practicable, which in turn would still 
further distribute the loads over the clay bed. 

In order to provide for a wide distribution of load on the 
gravel. in the most uniform manner, with a resulting low pres- 
sure per square foot, it was decided to use a large number of 
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wood pilés, each sustaining a relatively small load, rather than 
a few heavily loaded piles. See Fig. 7. 

This shows the piling under a footing resting in 12 ft wor 
gravel or sand, and the assumed spreading of the load accom- 
plished by means of 60 degree angles of distribution, with the 
horizontal. The building loads in this case were reduced to 
about three fourths of a ton, on the surface of the clay, which 
would be in addition to the load of the overburden already found 
on the site in place. 

The decision that heavy, concentrated loads were to be 
avoided precluded the use of concrete piles for this particular 
work. 

It was also found that wood piling would be considerably 
less expensive than concrete piling, due to the fact that the per- 
manent water level was high, making it unnecessary to place 
any concrete in addition to that required for the foundations to 
meet the heads of the wood piling, also to the fact that large 
piles do not prove economical where flexibility is required for 
light as well as heavy loads. 

Interesting tests were made, however, on concrete piles of 
both the Simplex and Raymond types. 

Fig. 8 is a plan of the site, with the buildings in outline, 
showing the location of most of the important test piles; and 
near the location of each pile has been placed a letter, in addi- 
tion to its number, to designate its kind,—‘S” meaning 
spruce, “O”’ for oak, “ P”’ for southern pine, etc. 

Spruce piles from Nos. 1 to 30, inclusive, were driven from 
September 8, 1913, to September 25, 1913; spruce piles Nos. 31, 
32, 33 and 34 were driven on December 2, 1913; oak piles 1 to 
16 inclusive were driven on December 2, 3, 4 and 5, 1913; and 
piles in Building No. 17 were driven in September and October 
of 1914. 

Other piles were driven and tested as noted in Tables Vics 
and 3. 
The factor of safety at 4-in. settlement was arrived at by 


dividing the load carried at 4-in. settlement by the load carried 
at 7g-in. settlement. 


If the safety factor was not as high as 23, then the tonnage 
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TABLE 1: 


Test Pires In New SITE oF MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Group A. Spruce. 


IDENTITY. A EMBEDMENT. SURFACE GRADES. 83 re 3 a E . I 
36 ese| a8 | da | ee 
as evi} $8] s& | 83.8 
Pil taal Asx 5 AL AQ er ate 
Y pes: No. Fal Sand. | Clay. | Sand. Clay. 5m oip E é 3 
: i < & 
t I ai! id ? Oo +3.0 9’ 9” ae st 
“ 2 32’ u 6’ 6” Oo | +6.25 ae ae 2" a” a 
. 2 Bh be TOM ar Ce Co) +4.01 See 9’ 8° ln? 670 6.0* 
3 4/2600") 6% by o) -F5.20 410], ve JPaeee 
7 Ge Bloor) 5: o | +5.13 G2" | 3" | Say Ome gece 
tl 
: 6 izoko sno" (e) +6.66 Se Q) 6" lee 
Ee Ten 2OeO Naas Co) 6:29") 2522" [rOr0" "| £2" 2 Reo a: 
tons 
a 821201 08 8’ oe. fe) +5.51 Reet: 6’ Ore licks a 
LO") *O 4. eee 1 eye 
o io rawera id oF ” tie si ao ee 34, G50 
4 30° O'/10' II re) 523 eae Yi’ < 13.90 
Nek L5|) 211, , 20! a7) 2! 82"|_ 6 —0.14.| —12.58 | 8’ 0” | 2” 7.80 
Near 11] 12°. |30’ o”}12’ 0” oO —0.70 | —I2.00 | 9’ 0” | 2” 6.90 3.75% 
Near 15) ~13).°/36!.0"| 8.0" | 95.95%) —5.00')) —13.0 | 6 Oo” 145 
Near 11) 14 36’ 0” 20.|75 See : 2 : Me 0” ‘tr wi 
ea 1g) 15 ve . 13.167 2167.) Ses. To’ 2" 2” te 
PO ERTS | On “+3530 15 50qib Salon 8.50+ 
13 I7  |36" 0"| 15.50’| 1.56’ —1.50 | —17.0 |10’ 0” | 2” = 
Near 13] 18 36’ 0"| 16.30’| 1.0’ | —1.25 17.5) jt0e5° oe O66 ab 
A 15} 19 36’ 0” oO 13.43/ oO —6.57 |11’ 0” 5” 4.20 
het 15 = 45/ 0” 6.0° 22.33'| —6.58 | —12.5 |ro’ 6” | 33” he : 
I 44 01 14.5' |12:5°*| —1.0 | —15.5 |11’0" | 74" | zo. ; En 
pee 13} 22 | |45’ 0” 12.0’ 13.45’ 2.25 | —14.25 |10’ 5” 1 Jaf a 
7 23. 36 0” 8.0’ 9.37 |'=3.0 ||;—ILe | 6a" fie pie 
17 24, 144’ 0"| 10.0 15.20’ |'—2.0 | —12.0 Bb ies 9.40 
Rete Wa) 5 45' 0” 13.25 14.50’ | +2.25-| —11.0 |10’ 9” ay 14.3 
. Near 12 26°" (30°o" 17.8 1.95’| +1.40,] —10.4. {10° 6"'|2" | 8.05 11.5 
Near 8 2 1’ 0” 2 A ey od 
6 | ab gat oer er | coe | aoe tenes ee eee 
Near 2 29/30’ 0”|10’ 0” | 0’ 6” | +1.30 —8.60 | 6’ 6" b" oe 9* 
Near 2 30) 1407.0" 143" 6? 
ye) to) 0.80 5|'—18.0) |£3267 1" 3” 
: = | 2030 
I i u id 1” « 
: 31 25) ON/IT’ 73" 0 mies Helo! Ge ae Ore nT 8.0 q 
34,9 7}17 Io") o --3.10°)], Gee rs eel 9) aes 6 
7 33 |30’ 0”! 10’ 0| 0 | 44.40 s/o" | i” : 
7 34 18" 0"! 574” | 0 | +5.60 5/0" | 1 $9 : 


* Found by interpolation. 
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II 
° TABLE 1.— Continued. 
Test Pires in NEw SITE oF Massacuusetts INSTITUTE OF TECHNOLOGY. 
Spruce. 
a CHARACTER. : fave 
+2 Formula Values Report are 
Ss _ = ee Condition es eauuen Remarks, 
Sand Clay mbedments. Driven. Bulle: 
Gravel Broken ~ Broken > => “<2. 
Gravel Broomed Broomed | «: ..... 
Gravel Good pile {Broken and|  ..... 
Broomed 
Gravel Hard driving Brokeniei 7 ene 
Gravel Uniform driving|Broken and|  ...... 
broomed 
Gravel Broomed Brokenvand| se. 
broomed 
Gravel Uniform driving|Broken and]  ..... 
broomed 
Gravel Broken roe ee He Mec . 
Gravel Uniform driving] Broken |  _........ 
Gravel Hard but Broken 8” crust 
Uniform driving 
Sand eee tke rete © lee Cae ce eee 
Fine sand 10 tons @ 10.5//Uniform driving OK Early settlements 
appear excessive 
10.3 tons @ 7.0'|Uniform driving Soe (1, etre: oe 
8.2 tons @ 9.0’ Followerlnseds == | fe Sasi 
8.0 tons @ 12.5’ Followeriuseda ©) |40 Secuk 
an . |8-7 tons @ 12.0’| Easy driving eitave ligt Pe Ae 
)2.50|Fine sand -|8.6 tons @ 12.0’| Easy driving OKs © |p) Gaecee 
4 Sand : Cs, Uniform driving vos | aoe Beit 
o Easy driving ean on eet erent 
a sees nae Followetiused’s “7 Spy teat 
emen|t readings |of load te|st, doubtful. atts 
Sand .... {11.4 tons@12.0’ ee Saad bl WE, eee 
. 7.5 tons @ 6.0’ followerjused, ~~ 5) Eien 
. igiotons @-7.0°|\Uniformdriving, © =... | ~*~ 22.7. 
Sand Blue [9.2 tons @ 10.0'|4.6’ of clay and |shells abovje the sand. 
medium ; 
Sand ae Ak ee ne ee et 
Sand bc. \'2.2 tons@10.0 |Uniformdriving)  ..-. | eden 
Coarse |Clay and|11.2 tons@10.0’|Uniform driving|Tip slightly|Early settlement 
Sand Gravel broomed readings in 
around question 
edges 
Sand 14.0 tons@10.0’ Probably tte ad || he oes 3 
broomed ever 
Fine sand Saat sense Teds O15 |eeenerr rae 
Fine sand 9.1 tons@11’ 6” Ruled Oke | eer 
Fine sand g.1 tons@9’ 0” ORS. a 6 teense 
Fine sand 8.0 tons@1’ 0” OKT IS) fetars 


5.8 tons@2’ 0” 
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Test Pires In New SITE oF MASSACHUSETTS 


Group B. Oak Piles. 


TABLE 2.° 
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INSTITUTE OF TECHNOLOGY. 


; e 34) 3. ip eee 
DENTITY. is EMBEDMENT. | SURFACE GRADES. | Agu ele 8 <i 
a acd 3 a oe 
Sa ok ae =| oe | 
BE Ace | dm | $6 | oes 
7 ~ 
pide. al Wer Sand. | Clay. | Sand. Clay. | gsm | om | & 3 3 
No. oO. 2m oF e & 
7 11] 20'.6"] 97" 6a" 4.0 Ser it ae 
7 EG tech CCN 6.0 oe ee ba 
7 Sy) ae aaa 6.6 sorte" |p hey 
SOT oA a) 36 O14 ey 5.9 60"| 13” | 5.6 
20/ 9"\r0' I : oli | ee cet 
: 2 20’ fori ee +a “es >, or oe a 
5 7 TS! 0” a! 5h" 9.4 x oO” i 3” 9.2 
2 - 43 . 
3 8 Tet "| 2’ 0” 3.4 6’ 0" x 7.5 
3 Os. 2210"l"9 ar 4:4 TO..07 | rso" Fi ros 
3-1 10 20’ 0” 10’ ie 6.5 TOVGt ete 9.2 
I II | 20° 0%) 3 43" 0.0 BY Or vieace 5.4 
I 12 | 24’ 6” 8 92" 2.1 S 10! 0” ||. 12” By os 
I 13 | 20’ 9”lr0! 33 57 ie PYOLO",| TES" roe 
I LAM IL20 Zaller 6.3 2.5 Celok ee 8.5 
, W 
I C5 ee20 Os me 6.2 S'o"%| 207 bralg 
/ u , 
I 16-4) 0865) 6 110" 6.0 Sao a mes 9.2 
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TABLE 2. — Continued. 
Test Pites in New Sire oF MAssACHUSETTS INSTITUTE OF TECHNOLOGY. 


Oak Piles. 

2 CHARACTER. teens 

3 Formula Values Reported C “ditic 

3 at Other Condition when ondition Remarks. 

: Embedments Driven. when 

2 Sand. Clay. ¥ Pulled. 
res | Be) aiyeo tons (G3 "0" Pulled OK| Easy driving 
eat Ree wO-t tons: G2" 0” nies Easy driving 

, 7.9 tons @ 2’ 0” Easy driving - 

em 7.0 tons @ 2’ 6” Easy driving 

Se : 6.2 tons @ 2’ 0” Easy driving 

f ee EE ALOUSIACND AONE Eee ered Soaks 5 EN RR 

sa 

4 ee Sh Easy driving 
pee RICOLLOnS SoG kee we eee 8 OH Pee) WR gee ee 
ra ee Easy drivin 
ae oS fee. 4 g 
oe. 11.5 tons@2’ Die) ee ee ee ee ec 

10.2 tons (0) bee MR eee iro 

Es 12 oS, i Point prob-| Easy driving 
Ae ie .7 tons@3’ 0 p b 


II.5 tons@2’ 0” 
12.3 tons@4’ 0” 
10.5 tons@2’ 0” 


ably in clay 


ee ee TE Ce bien as en Tf 


—w 


; 
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TABLE 3. 
Test Pires LoaApED In NEw Site of MASSACHUSETTS INSTITUTE OF TECHNOL 


Group C. 


IDENTITY. ‘a EMBEDMENT. SURFACE GRADES. Be 4 5 E S 2 
Ae Ass | ¢&| Be esse 
tos Lm 35 g 
Bld Pil ae cea | @a| ga.) oe 
fan os ra Sand. | Clay. Sand. re: a cia 2 oe) 5 é 8 
8 | faa) 5135 LO ee 6 aes ass et g2 nt BS50 oe 
@1 ons 
8 2a A, |30110" \3eo"o 0! Guat mele 2150) | 25° 1 (G.r4 7 
@ 10’ ‘tons 
8 120.6) 42" lO" TE 16. ES eS, alee) 2600 | 3” 6.50 9 
@ 10’ tons" 
8 2a. 2ar \35/ 19" «2 G" 6) 2" | — 15s le ta ae 24 7.16 he 
o ons 
6 foo. 1245) Omi CaO. oP tO. 5 he ES 2600. | 33” | 5.90 | 15.43 
@ 10’ tons 
4 IIa 6 |50’ 0” Oa aria? (e) —13.2 2580 | 42” | 4.50 | 12.8¢ 
. ro @ 10’ tons 
15 10a 18 |42’ 6 Geieaeo7 (e) —6.6 2300 -| 3” 5.80 | 12.88 
@ 10’ tons 
7 Lee Ueiid4. 6, as) 10h eG +5.60 Ce) 2300)" | 23" ||" Faso 8.0 
@ 10’ ; 
i, iCal iis eee | lta fe) +5.60 te) ahs 1%” | 8.80 4 
. , c 
Nearis|- 120" 30! 0, \ln2"10” fo) —0.7 | —12.6 an 2” 6.9 Le 
0" 
Near 13] 17 |36’ 0” |15’6” | 1.56’ | —1.5 | —17.0 ae 25 ar a 
Near 11I| 21 AOL ats p Sree om 
44’ 0” |14 12.60’ | —I.0 | —15.5 a 13” | 10.1 |Embe 
s MW , " = 5 
Near 16] 26 |30’0” |11’ 10"| 1.95’ | +1.4 |— 10.4 an 20 8.05 | 11.5% 
? 10.5 tons 
Near 2 29 |30’0” |10’ 0” | 0.5’ | +1.3 —8.6 | 2300 e" | 9.020) Gas 
@ 6.5’ tons 
s 
17 n8 41 |46’0” | 5’ 6” | 20.75’| —3.50 | —9.0 2550 | 2” 8.50 |° 9.8 
@ 10.0 tons 
50 50-1 29’ 9” | 1’ 6” oO —7-99 | —12.49 | 2600 | 13” | 10.40 | 7.4¢ 
4 e mA @ 10.0 
5 50-2" igor" 1/1 6" oO —6.75 | —11.25 es 3 6.50 | 7.36 
0.0 


* Found by interpolation. 
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TABLE 3.— Continued. 
tT Pres LOADED IN New SITE oF MAssACHUSETTS INSTITUTE OF TECHNOLOGY. 


4 CHARACTER. | es 
a Formula Values R evn 
a at Other Coes ee See eee Remarks. 
4 Send. | Clay. | Embedments. Driven. Pulled 
ns Coarse | Medium Lae eee OK Allowable value 
and limited by 
medium settlement 
Se SCuatrenmeVEedIIN Soc A ew le eee 6 Aen 
fine 
gravel 
ns (gerees ES a Oe ee en rr i creer oe 
and 
medium 
tons} Coarse | Medium ah: oe acioee ANNO Mees 
and 
medium 
As Seeks Medium Redriven|value Ses 13.90 
ns fo) Stiff Redriven|value Eee II.50 
ns Ce) Medium = tier areccip See te ee eee 
nS Sand fo) : oes alec Bultled iy 4 veer 
Gravel OK 
ns Sand fo) eae me Se Bulled) =) sieerer 
Gravel OK 
ns |Finesand| .... {10 tons@1o0.5’ |Uniformdriving| Pulled |Early settlements 
OK appear excessive 
as |Finesand| .... |8.6tons@z12.0’| Easy driving ORs ey Dee 
) 
and |settlement|readings |of load test doujbtful. Zest hn peer 
1s Sand Blue |g9.2 tons @ 10.0'|4’ 6” of clay and|shells abovje the sand. 
G medium 
1s Coarse Clay |11.2 tons@10.0’|Uniform driving|Tip slightly|Early settlement 
4 sand and, broomed readings in 
gravel around question 
edges 
is_ | Fine and | Medium|Uniform increasjeintonnageincjlay. = |  ..... 
coarse blue ' 
ys | Medium © ease =e ok Not pulled Driven 
; butt down 
ys | Medium fo) eee it Not pulled Driven 


tip down 
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TABLE 4. 
Test or Pires 1n NEw Site oF MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 
Bt ob cb Aas en 
“ aa = oa Qo a 
5 3 |48| ds | 32] 38 | be | tala.| Be | ee 
z z Be | sae | fe | st | a8 gales) oy alae 
FI 5 Hy nie raya oe oe Ss | ES 2B ic 
S =o 
gO AS = & aA 
Aa lbetctscaae = a Sand sac "asthe ees: | eee 
5 Spruce | 32.8 11.5 5; 2600 | HON ss 6990 | oO 
Saale Sens sat et Clay eeres (r II1970} % 
ple. ete Wie cyto criee ae P25 26 390 + 
SD Selig) IP Gian ancasen te ey 3) <0 OM Met tonal elrage 31 640 Pid 
Sets Oia tae elie’. Wl ae cake ois 36 900 pr 
Pa ep Ae te toce seh siete il Raadeaeca) 2 mapa ran eats 53 641 $5 
Oa ae! a re Mae, | cious 66 504 py 
sat Lan lllinioae-celae, ane ay clkalllp | eyo he ata 72 925 32 
ie ee We Sy Pert ee I Poet pA ea 77 493 | 32 
Xe” Gil Cem ence ee Sand eae acldh hese OTE SRS aa ee 5 
4 Spruce | 27.7 13.2 6 |2150] 10 | 23 13920 | 35 
BP ee one med ee 18 690 | 35 
REE, che | ees Caen a 24 510 i 
Se atten | mabe cea Cea || Race aieen Mate es Sr ek oc 29 860 at 
L2G isle itene sc shee Sand cv tedtin{h Oe WO tee lie aes 
é Spruce | 40.9 11.5 6 |2600] 10 3 7 090 0 
valine Beck Whar eed 2 ee I O| ze. 
OL a tie Clay 14.350 | 
en dae cee” 15.33 es 25 241 35 
OMe (QO CRCCOR CL Sea (RS taal Oipertey aepey 29 861 $ 
A BcGate WI, ioc oir (CR CRE foe fea MS Gee 35 068 $ 
Lea OS et ela kone iG ee a 45068 | ¢ 
; ; ey tees eee 59 161 4 
ae Se Rae 65 509 4 
See Rist aa i oe 70 686 | 33 
ae : Se eo ee ae a 75 228 ; 
Sa ae eet mee | eit oo Tee 
CCM Co we eC wer an ea s. y as. 84 834 as 
SON AS sas ake Sek Soe ‘ 89 814 as 
ss eS Fe Tie Sand be cule 
a rue ; : 3) alles coal eee eee Se 
ole wee Gs 54 |2150| 10 | 2 8990 | 0: 
ee Leen 2 64 tie cas 13 760 | g 
he ice Mc na 20.030 | a6 
LACS MCL) eMail be a 28 210 Br 
COL rece, eta eee 34 200 | gk 
Bok Aen ae, aes 40 040 | 33 
Oey Se sa sei 45 898 | o¢ 
eg een ee, Fs os 51 000 | ¢¢ 
PAR lin scars Nee 58 070 | 39 
S$ 2 wt ae 62 361 43 


SS —— 


—— 


7’, 
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TABLE 5. 
Test OF PILEs IN NEw SITE OF MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 
£- w> - a 5 ae 
. =2 as Oe a S| gs 
: 5 338 HOS oe 1 o2 ee iisle) U5 Be 
Z g | BE] ese | £2] 2° | ae lst )ds) H2 | es 
p= s Ss Sok Aa | Bs & |/88| 8s a3 34 
ov Ss _& Secs os Ss ee tas ae 34 
= 5 #o| fee | ef | Be | SS | as | ee se 
e6| 46 |e | 3 |e | sa} 

Oa Se eee a Sand il fe kk ae | eeeaie || Mer ie aes f 
12 Spruce | 43.1 1.5 5 |2600/ Io | 33 7 889 | a 
6 Be EVE Cree iene Clay 3 as 3k oes “i ay 16 629 sls 
Gea areer et EL SAS) ew mw, 18.5 at 515 er 
& 8) Ol Gee eae! |S |e ees 25 993 er 
SOO | TE ee oi ee cee mee 30 866 is 
os ee ee ee ae 39 439 | ae 
» ot, I ee =, Graal | trea eee eee 44 919 - 
<6 ee ay MORSE: = Gon RS Ee NOR 48 521 az 
. OS eo a eRe) eae 53771 | 16 
atoll Re ove. 4c patent aoe || (eaters eee 59 I61 42 

le pe oe a ee 63951 | 4 
SESS Py ERAT Wearery coe cee 68 677 sy 

a ‘o 2 ey ae oe 73597 ts 
fd PD Red cee gweete IN) mrs) nentk a aya 78 547 a2 
Reesvitic Li Kife Se oo > Jb os se Whe pans © 2 8 83 547 = 
Lt rg Ree eee |B eaoieene rite ats B 9146 | oO 

tA ee yor Sand Beet set Peek gf oo bE tgs 33 
6 Spruce | 46.5 (0) SP fee 5801 10 Az, 25 681 16 

7 ays Se rene Ee ee Clay ier (lee eee eo eee tl BOles7 3 
ae 21.25 5 35 567 | az 

he ele Se ae SrA Te SLOR| ares 
RES ae aeeeaeiiae ae 
Bae eo) tees AT ee 
SL a ais ee Mee ee Ml #2 tl BO LAG2 lect 
tt evant. Pile} tilte/d 61 475 | ws 
_ a) Ses Sgt a ee a .. | 66485 | ay 
08 Se reed aaa Poa bat 
| ae aa ot i 
Rae ye Lee eS 
Ee Ee eee ha ii 
aes a cae 77 429 | 14 


TABLE 6. 


Test or Pires In New SITE oF MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 
at o> Fe => 5 aa 
: ie a . SA Medien & . ae . oe} 
es | @ | 82) #3 | a9} 55 | ge lablas| ge | ae 
el ie 5 Abo a9 a, | mo |r] a0 Ss aS 
g g sz] gso™ | AS | 8 & |3s |S se |e 
z S |32| BES | ag | 82 | SS lee |6 b& |S 
Om ow ao 3 A S saa &. 
eS} yo ss ie Ae 
Opie “| GA 36 ome As Sand as A ees in | 7378) 10 
18 Spruce | 42.1 fo) 5% | 2300] 10 3 12040 | ¢ 
Gn aoc ae : Clay ue Raye Ee 17 237 | 32 
Wer cer Noe is. < cece he 23.0 21 467 a5 
eae ices he siete shensreen ll eseiey tl Macias arta 25 6907 16 
Pear cuse Nabe ccs te ame A ag ete Bia ees oie 20) S77 eas 
Mors AN Pats ey sqesele | aeesiee. || Eo emenay eae 36 430 $ 
Pca cetawovce doleyte!s crete Mele geeaecas 41 069 i 
sense A Fe soe. CRY astcay cl ne shea anaes 46 297 gi 
Ere Pe MRC ON, CWE LEC ec lier tne cere GC 50 961 at 
og caeies al Ma oaeae ta es Jaa AA eaten Soe ae ae 21 
5 cheno Greeeen ee Fle? began to siplit vjerticallly = so : 
Coeee ee lea wea CRN CSE Ieee”, Ae CR ec ae 6 O fe) 
Tiig¥9.c | acti aebo.es Hoe Sand vine WER ees or Be iC Gis eS 
13 Spruce | 12.8 5.8 6 |2300] 10 | 2} 2I 300 | ze 
ie gall ae eee Clay 2 te ; 26 480 | gz 
Fi hang | econ te) 32 423 | 5 
Seen at eae Sera pred 
TSS) ERR an | aaa eis 9 Pile |tilted pene 
Aa ce eee Nae Sand . 
tid Spruce | 12.6 5.6 53 |2300| to | 13 mh =e ae 
: eee Clay oe ie re 16 500 | <y 
aS Saale Oo 21 710 oy 
a: OS Raa Me Wes a 26 704 os 
tS ae Ger car : 31707 | x6 
Died ees Riegel vee 37 892 | as 
ON: See | ane 42 72k | a8 
ie: Gee, Meta aaieee | Nesta. 48 660) ¢ 
Stl as eee eee 53 797 | 4 
eth (Ee ee 59 197 | #4 
feeb sales os ah oe 64 381 ig 
edge || aN Page™ | mc ae Sand ews: Siuercitit tame eae 
he Pine Taa8a a 6} |2550| 10 | 2 11 381 | 0 
Rais Tavs Sites av 
2 ts sate sts as I : 
ie Se ae eal Bo : 23840 | 3 
et a airs? Ne 28 520 | a 
cia reall come é 34.573 | ¥ 
re! nee — 7 38 598 | a4 
Pee alli 8 0 Meee, Came ote 43 794 | is 
a ene: Ue a ee 48 517 | ap 
tal ores Pile failed |by bulcklin; 3745 | 4 
Cae aia! ten ay vie he ae a 50738 | oy 
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carried at 4-in. settlement was divided by 23, and the result 
used for the new value of the pile. 

Piles enclosed in squares on Fig. 8 were load tested, some 
of the most important of which are recorded in full in Tables 4, 
5, 6 and 7. 

After determining that wood piles were to be used, it be- 
came necessary to.make a sufficient number of tests in order to 
determine the kind and length to use in different parts of the site. 

This task was rather difficult, owing to the great variety 
of soil conditions found, as will be seen by reference to the geo- 
logical sections and pile driving reports. 

It will be noted that the investigations were first carried on 
largely on the sites of the buildings forming the westerly part of 
the group where both spruce and oak test piles were.driven. 

Referring to Table 1, which is asummary of spruce test piles 
driven and tested, it will be seen that spruce piles Nos. I to 10 
inclusive were driven into the “ glacial gravel,’’ which at these 
locations is a well compacted and deep bed of material commonly 
known as coarse sand and gravel, — to varying depths, and upon 
being pulled were all found to be broomed or both broomed and 
broken. Three of these piles, Nos. 3, 5 and 7, were assumed to 
be good at the time of driving, and were load tested before being 
pulled. 

The results of such tests, because a their crippled condition, 
which was discovered after the tests were made, were of no 
special value except to show how these broomed and broken 
piles acted under load, and the following -brief description of 
these is given for that purpose. 

Spruce pile No. 3, about 17 ft. 0 in. long, 9 in. diameter butt 
and 6 in. tip, driven with 2300-lb. hammer and given short 
drops until the last few blows, where an average of 9g ft. 8 in. 
drop was given and a value of 16.7 tons obtained when using 
the Engineering News formula. This pile passed through about 
10 ft. 6 in. of loose sand, silt, shells and blue-black mud, and 
penetrated into coarse sand and gravel about 3 ft. 9 ins.; but 
when pulled, after load testing, was found broken at about the 
surface of the gravel and badly broomed.at the break. 

When tested with a load, this pile, No. 3, carried 5.5 tons 
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without noticeable settlement; but when this load was doubled, 
it settled } in. As would be expected, the settlements were 
marked, and under a total load of 48 674 ran from }% in. to t in. 

Pile No. 5. Spruce, having an I1 in. butt, 6 in. tip, driven 
with 2300-lb. hammer and with an average drop of hammer of 
6 ft. 2 ins. for the last blows, showed an average settlement of 
s in. per blow, which gives a formula value of 8.77 tons. 

This pile passed through about 9 ft. 7 ins. of loose sand, 
silt, shells, silt and black mud, and penetrated the coarse sand 
and gravel for about 5 ft. 1 in., but when pulled was found badly 
broomed and broken just below the top of the gravel. 

When tested with a load, this pile carried 6.8 tons with a 
total settlement of only 1/32 in., but it settled quite rapidly for 
increasing loads. 

Under about 18 tons load, the settlement was 7% in. and 
showed a marked tendency to get out of plumb. Under about 
20 tons the total settlement amounted to over I in. 

This pile showed great unreliability. 

Pile No. 7. Spruce, about 18 ft. 4 ins. long, Io in. butt by 
6 in. tip, driven with 2300-lb. hammer having an average drop 
at last blows of to ft. o in., and an average settlement of 13 in. 
at last blows, which gives a carrying value of 8.4 tons. 

This pile passed through about 9 ft. 2 ins. of loose sand, 
gravel, shells and mud fill, and penetrated the glacial gravel 
deposit about 5 ft. 9 ins., and when pulled was found broken and 
broomed just below top of the gravel. 

_ When tested with a load, this pile settled ~¢ in. under a 
load of about three tons, and the rate of settlement was quite 
rapid under succeeding increments, amounting to over 1 in. 
under about 15 tons, to over 2 ins. under 26.5 tons, and over 3 ins. 
under 32.75 tons. 

After the load was removed, this pile recovered 3 in. of 
settlement, showing the effect of the brooming. 

It was plainly evident that spruce piles could not be driven, 
with safety, into the harder portions of this giacial deposit. 
After a study of the results obtained by a number of spruce 
piles which had been driven and pulled, it was thought best to 
limit the use of spruce to those places where friction was largely 
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depended upon to give the bearing value and very little depend- 
ence placed on point bearing. | 

The test piles also showed that it was easily possible to 
drive spruce piles, which appeared to be good to the piling fore- 
man and inspector, but which were actually found to be broomed 
and broken when pulled. 

This discouraged the use of spruce piles where sudden 
3 changes in the hardness of the soil were found or expected. 

Some of the marked and unaccountable settlements of 
structures which have been recorded in the past may have been 
due to some extent to the practice, of driving spruce piles. to or 
somewhat into hard crusts, thus resulting, in brooming of the 
piles. 

_ Later tests also proved that first-class oak piles could be 
driven without injury into well-compacted coarse sand or fine 
gravel to a resistance giving a value of eighteen tons or more. 

Oak piles were used where the driving was hard, and where 
the supporting value of the piles was to be gained largely from 
point bearing and relatively small embedments in. the, hard 
stratum. 

For safety a maximum limit of about ten tons was permitted 
for spruce and fourteen tons for oak. 

The Engineering News formula. was used in doteritnie 
values of piles for these foundations, and for convenience curves 
were made up showing safe loads for piles for various weights 
and drops of hammers. 

This formula is as follows: . 


Sey 
P=Supporting power in Bont 
W=Weight of hammer in pounds. 

h=Fall of hammer in feet., 9, ; 
S= Penetration in inches... 


Fi 


Referring to Fi igs. 2, nds and 6, it all bag seen that a great 
variety of soil conditions was found. 

The glacial deposit ranged from a. orelke compacted otantal 
and coarse sand, to fine sand, and from 35 ft. in thickness to 
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nothing, so that in parts of some buildings it was necessary to 
depend upon the clay for support. 

A hard crust was found: in only a few locations on either 
the “ glacial gravel” or clay. 

The clay in general was found to be of a remarkably uni- 
form grade, designated as ‘‘ medium,” being neither very stiff” 
or “soft ’’ except in a few places. _ 

From the driving records and sections it would seem that 
the surface of the glacial deposit was very uneven in places, as 
piles which were driven within a few feet of each other would 
find good bottom at levels differing by 10 to 15 ft. or even more. 

These conditions made it difficult to get uniform pile values, 
and increased the cost of the pile driving. 

A fill was often found over the original mud flats, consisting 
of material such as mud, silt, shells and gravel, which in some 
places was very compact, offering considerable resistance to the 
piles, and raising the formula value of all such piles above the 
true value. 

This high but untrue value was corrected to some extent 
by subtracting the value found while the pile is still in the fill, 
from the final value. 

Not only will the hard fill, above the peat, etc., give the 
piles driven through it a high formula value at the time of driv- 
ing, but may afterward add to the actual loads on the piles, by: 
reason of its friction when the peat or mud stratum becomes 
reduced in thickness, through decay or displacement. 

The varying conditions found made it necessary to~take 
particular care to design the pile foundations on the basis of as 
nearly uniform settlements as possible. This uniformity is 
highly desirable in order to prevent over-stressing the more or 
less continuous concrete floor beams and slabs used in the super- 
structure of the buildings. 

The working values have been taken at about ;g-in. settle- 
ment,'as shown by the tests, as it is believed that most piles have 
an initial settlement, whether noted ‘or not, ‘and: ‘considerable 
care was taken at these tests to note settlements at all times of 
changes'as small as ez in. ‘It is also believed that. the effect 
‘of a difference in settlement of 7s in: in the foundations can be 


‘safely ignored.’ 
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A settlement of 4 in. was considered to be the limit of use- 
fulness of a pile, and it was assumed that greater settlements 
than 1 in. might create conditions which would cause very un- 
satisfactory results. 


Value oF TEST Pues IN, CLAY 
‘In New Site of Mass. INST. oF TECHNOLOGY 


LA a) | i oD 
Identity, Farrwla Allowable \Difterence Curve 
Value | Valve | | Yolk 
2a- 2a 2 9.0 _\| 134 | 
140-5 . | 2.00 
V2d- 6 : 2 | 5.50 | 
‘2g-12 x | | 6/0 | 
Ha-6 . ER 
loa-l9 | 5. ; | 2.40 
RB-4/ : 2.30 | 420 
Values_in fons. 
Notes» Values in column 4 are according te Eng. News Farmula, 
lalues in column Bare derived from tests noted in tables 
of test piles. Sea ete 
Values in column C" show differences between Aand8. 
Values in column “OD” show approximate increase over 
egal values for different penetrations of piles in 
clay. 


Drop hammers used. 


Differences C in Tons 


g 2 & 
Penetratian in Clay in Feet 


Fic. 9. 


It was also considered necessary that the piling have a 
safety factor of not less than 2.5 of tonnage, based on the limit 
of f-in. settlement. From the results of the test piles it is evi- 
dent that in the majority of cases the piles had to be driven quite 
deeply into the glacial deposit in order to assure a satisfactory 
tonnage, but the effort was made to keep the piles in the glacial 


deposit, even where it thinned up, as it was desirable to use this 
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stratum as a medium for spreading the loads over the clay under 
it. An effort was made to have a minimum of at least three 
feet of “ gravel”? under the points even where it became thin, 
in order to make the spreading of the load somewhat effective. 
It was found, however, that there were places where the gravel 
was very thin, giving very little value to the piles, and if de- 
pended on alone would make the piers over them large and 
expensive. 

When the glacial deposit was found to be thin or disappeared 
altogether, it then became necessary to depend directly on the 
clay for support. 

The clay, with almost no exception, was without a hard sur- 
face or crust, and in order to ascertain its value under working 
and ultimate loads, some piles, which were driven both partly 
and wholly into the clay, were load tested. 

Two of these were also redriven, as well as a number of | 
others not shown. 

Regarding the safe working values, it was found, from the 
tests, that piles driven into sand and depending upon friction for 
support, could be used at their formula value, but not much 
higher, for the limits of settlements and safety factor assumed. 

On the other hand, piles embedded in the clay found at this 
site showed an ability to carry test loads in excess of the formula 
value when using drop hammers. Referring to the curve shown 
on Fig. 18, it will be seen that the allowable increase of the for- 
mula value appears to be about one ton for every five feet of 
embedment in the clay. These tests would appear to allow us 
to believe that, for drop hammers driving wood piles into clay 
such as found at this site, the Engineering News formula could 
be modified and used as cues 

This was taken full advantage of where the gravel and sand 
became either unreliable, of no practical value, or disappeared, 
as in a part of Building 17. and others. 

Piers were frequently made in clay in which the average 
formula value of its piles was six tons and less, but owing to the 
high value shown by tests these were allowed a value fully 50 
per cent. greater, provided it was. evident that they were well 
embedded in the clay. 


, 
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An examination of the reports of piles 12, 6 and 18, in Build- 
ings 6, 4 and 15, respectively, shows a high tonnage at y¢-in. 
settlement; but when compared with the tonnage at {-in. set- 
tlement, a low factor of safety is found; but when reduced to get 
a factor of about 2.5, it will be seen that there is still a very sub- 
stantial amount above the formula tonnage, found at time of 
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It is interesting to see, by the table, that the formula: ton- 
nage found by re-driving the piles, after they had been allowed to 
thoroughly set, did not represent either the value under test 
load; at zs-in. settlement, or the “ allowable ”’ tonnage. 

Figs. 10, 11 and 12 illustrate some of the wood test piles 
and the character of the soil in which they are embedded. 
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Fig. 13 shows one Simplex pile which was load tested, and 
the soil in which it rested. _ 

Fig. 14 shows one Raymond pile under similar conditions. 

Another feature, in the problem of these foundations, which 
was given some consideration was the matter of vibration, due 
to internal and external forces. 

Without question it was necessary to construct the founda- 
tions in such a way as to reduce the possibility of vibration to a 
minimum, not only for comfort but because some of the labora- 
tories will contain instruments of special accuracy and delicacy. 

Special care has been taken regarding the foundations ’of 
heavy testing machinery, to reduce the possibility of settlement 
and excessive vibration, by placing a sufficient number of well- 
driven piles under such machines and allowing about 50 per 
cent. of the value given piles under the building walls. 

The greatest vibration will come to the structures from ex- 
ternal sources, such as engines in nearby power houses, freight 
trains, electric cars, etc., conveyed to the buildings by means of 
the comparatively hard top fill which lies over the stratum of. 
mud, silt and peat. 

Peat is found in some locations within the building site, 
_and is probably general on the north and east sides of the build- 
ings, extending through that portion of East Cambridge where a 
number of factories and power houses are located. Nearly the 
entire site of the new buildings has a stratum of silt, mud and 
fill above the glacial deposit and clay. The buildings have there- 
fore a foundation of piles which for their entire lengths, above 
that part embedded in sand and gravel or clay, pass through a 
material affording very little lateral support. 

Under the action of driving piles, this material often soft- 
ened up to such an extent as to allow the piles to vibrate strongly, 
- often throwing mud and water out around them. 

Structures which are supported on piles passing through 
such soft, water-filled strata, not only readily send out vibrations 
but are strongly affected by vibrations from other sources, if 
situated along the same strata. 

One method of partially resisting such a tendency is to 
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drive the piles well into the supporting stratum, rather than 
resting them ‘on the surface or with a foot or two of penetration. 

As the pile tests show that it was generally necessary to 
get a fair embedment, in order to get the bearing values desired, 
it was made unnecessary to largely increase that embedment in 
order to gain stiffness. 

In general, the unit stresses per pile averaged 9.5 tons for 
interior piers and one-half to three-quarters of a ton less for 
exterior piers and walls. 

It is believed that if settlements occur, the small difference 
in loading will tend to make slightly greater settlements in the 
center of the building and prevent the bulging tendency of walls, 
which would occur if the wall piles settled more than the interior 
piles. 

The working rules for governing the driving of piles are as 
follows: 

1. Spruce piles should not be driven when “‘ hard ”’ driving 
is found, irrespective of the cause. 

2. Driving shall be called ‘“ hard’’ when the penetration 
per blow of or equivalent of a 2300-lb. hammer at a drop of 10 
ft. is less than 1} in. (which equals 10.2 tons by the Engineering 
News formula). 

3. Where greater penetrations are found with equivalent 
weight of hammer and drop, it shall then be called “‘ easy ”’ 
driving. 

4. When “easy ’’ driving is found, all piles should be driven 
into the glacial drift 12 ft., provided an average bearing value of 
10 tons is obtained in the group. 

5. If a 10-ton average cannot be obtained, then longer piles 
shall be driven to greater depths in the glacial drift, in order to 
get an average of 10 tons. The minimum. value for averages 
should be 8 tons; the maximum, 11 tons, for spruce. 

6. If an average value of 10 tons cannot’ be obtained in 
any group or pier with a reasonably long pile, say up to 50 ft., 
then it will be best to stop the driving at such a place, and get a 
new design for the group, based on values which are indicated. 


7. Use oak piles for all “ hard ”’ driving and at other places 
as hereinafter specified. 
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8. Drive oak piles into the ‘ drift” at least 7 ft., if possible, 
but do not exceed a value of 14 tons, in bene to get that 
penetration. 

9. If oak piles do not show a value of 10 tons when driven 
into “ drift’ 7 ft., then drive deeper until it is obtained. 

10. Do not drive piles through the drift into the clay, as 
the bearing power must be obtained in the stratum of glacial 
drift if possible. 

11. In those parts of the job where there is any possibility 
of going through the drift, proceed as follows: 

Drive a long, oak test pile in the center of each group of 
piles supporting each column, with the object of finding the 
probable depth of the drift. 

If the drift is not thick enough to allow spruce or oak piles 
to be driven in the regular way, then deduct 3 ft. from the thick- 
ness of the drift and drive all piles to the new grade, thus keeping 
all pile points 3 ft. above the clay. 

If this results in a low average value for the group, then 
more piles must be driven to bring the total value of the group 
up to the required total. 

The question whether spruce or oak shall be used in such 
a case will be determined by the same rules as for any other parts 
of the work. 

If at any time the drift tightens up, so that the penetration 
per blow is below 1} ins. when using a drop hammer weighing 
2300 lb. at a drop of Io ft. 0 in. or the equivalent, then use oak. 

12. Where a hard fill is found above the glacial drift, it will 
be necessary to drive oak piles into the glacial drift the usual 
distance, regardless of the fill. 

13. Where the drift is thin or not found, and clay depended 
upon, piles are to be driven having not less than 18 ft. embed- 
ment for medium clay or equivalent, and not more than 9.5 
tons shall be allowed them in designing the footings. 


FOUNDATIONS ABOVE PILES. 


Reinforced concrete spread footings were used to distribute 
the wall and column loads to the piles. Such footings are per- 
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missible only when placed on a compressible surface of practi- 
cally uniform resistance. 

This will produce bending stresses in the footings, similar 
to those produced by a uniformly distributed load. 

The permanent ground water level was such as to permit 
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the cut-off grade of piles to be fixed at +1 3.00 Cambridge 

datum, and is 4.10 ft. below the basement floor level. The per- 

manent water level is not less than +1 3.00 Cambridge datum. 
With few exceptions, the difference of 4.10 ft. between floor 


and pile cut-off permitted the reinforced spread footings to be 
placed without lowering the cut-off. 
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The design of these footings was based on the formule rec- 
ommended by Prof. Arthur N. Talbot, of the University of 
Illinois, in Bulletin No. 67, the formule being determined from 
the result of many experiments. 

The working stresses are those recommended in the report 


TYPICAL WALL FOOTING. 
IN NEW SITE OF MASS. INST. OF TECHNOLOGY. 
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of the Joint Committee on Concrete and Reinforced Concrete, 
except that a maximum of 18 000 lbs. per sq. in. tension was 
allowed for square rods, cold twisted. 

With this general type of footing it is recognized that the 
piles immediately under the load will be stressed somewhat 
higher than those at the edges, but this tendency was reduced 
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to some extent by making the depth of the large footings some- 
what greater than strictly required. 

This is especially necessary in cases of oblong footings, 
where the dimensions are 20 ft. by 10 ft., for example, in order 
that the piles directly under the column shall not be excessively 
loaded. 

The reinforcing steel used in these foundations was mostly 
square bars, cold twisted. 

The pile heads were covered with concrete to a distance of 
6 in. below their tops, while the steel was placed with at least 
2 in. of clearance above the tops of piles, affording ample pro- 
tection against rusting or deterioration of any kind. 

Figs. 15 and 16 show typical square and wall footings. 


DISCUSSION. 


DeEsMonpD FitzGERALD.* — This paper by Mr. Main is 
most interesting. It is remarkable for the care with which the 
character of the ground was studied and the effort to meet the 
conditions in each case. I particularly admire the plan of driv- 
ing the piles well into the clay to ensure a fair bearing, rather 
than to stop driving when the surface of the clay was reached. 

I am afraid that I cannot add much of value to the discus- 
sion. My own experience in the driving of piles in Boston is 
confined almost entirely to the years 1871 and 1872, when I 
was engineer of the Boston & Albany Railroad. Many of our 
walls and abutments, round houses and other buildings, were 
founded on piles. The heaviest structures that I built at that 
time were the grain elevators at East Boston and at Berkeley 
Street, not far from the Providence Railroad crossing. In the 
case of the latter elevator, we used spruce piles and drove through 
the marsh to a layer of blue clay about 23 ft. thick, under which 
was a softer deposit. The driving of the piles was stopped on 
the 23-ft. layer, as the resistance to the hammer seemed to be 
good at that point. Although the weight of the elevator, when 
filled with grain, was very great, no settlement was ever noticed 
in the heavy brick walls nor in the piers under the bins. The 
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foundations of the tower for Trinity Church were put in soon 
after the period of which I speak, and it would be interesting to 
find the old plans and to see the weight on each pile. “As I rez 
member, the foundation was spread to cover a large area. I 
think the site was in the deepest mud hole in the Back Bay, and 
an old channel ran directly under the site of the tower. 

Mr. Lewis M. Hastincs.* I have been very much inter- 
ested in Mr. Main’s paper. I shall also be interested to know 
how the results of the observation as to the settlement of these 
buildings come out. It would be a very great achievement in 
designing if the settlement should be uniform over this large 
spread of buildings, requiring such a wide diversity of foundation 
and such a multiplicity of design, — to meet those conditions. 
The local conditions there are rather unusual and interesting 
for an engineer. For instance, the Metropolitan Storage Ware- 
house near the Boston & Albany Railroad is a very large build- 
ing and very heavy, four or five stories high, and of heavy brick 
construction. Under the whole of it, they drove piles to what 
was supposed to be a solid foundation. The building has been 
constructed in three portions, — the first portion on Massachu- 
setts Avenue was built more than twenty years ago; the middle 
portion was built some time after that; and again another 
addition was made toward the southwest still later. That 
building has had a progressive settlement ever since the first 
observation was taken on it. We had a heavy bolt set in the 
building and intended to use that as a bench mark, about twenty 
years ago. The building has settled something like 1.295 ft. 
in that time. It might be expected that the building would be 
a wreck, but it is perfectly intact, and there is hardly a crack in 
it. That has been a progressive settlement, — progressive in 
amount but decreasing in rate, — so it seems to be coming down 
‘to a rather hard bottom now. Compare that with the result 
on the pier or abutment wall of Harvard Bridge. That pier 
or abutment at the sea wall is founded on the gravel without 
any piles or attempt to carry it on anything but the gravel. 
There we have also a bench on the capstone of the abutment, 
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and that has not moved in over twenty years. That is a long 
way out in the river from the Metropolitan Storage Warehouse. 
That is a very striking anomaly in conditions, — the inland foun- 
dation has gone down continuously, while the one further in the 
river is practically rigid. We have tested that bench from the 
shore benches repeatedly, and have never been able yet to detect 
any essential settlement. Perhaps the explanation may be 
that it is founded on a very deep gravel bed. The gravel there 
is unusually heavy and deep, making the overlay on this clay a 
very heavy one. Further inland the gravel overlay is thinner 
and is nearer the glacial drift and clay that is underneath, ex- 
tending to bed rock. As you go further toward the northwest, 
over to the other side of the Boston & Albany Railroad, we have 
two quite remarkable structures as far as their present condition 
is concerned. One is the metropolitan sewer, which passes 
through Portland Street a distance of about five hundred feet 
from the Metropolitan Storage Warehouse; and the other is the 
Cambridge city sewer, which passes along parallel with the met- 
ropolitan sewer in Portland Street. The metropolitan sewer 
is quite deep, going down into the natural sand, — through the 
filling and peat overlay, and into the natural sand. The city 
sewer was not so deep, but the foundation was carried down 
to the same sand with masonry or piling. Now, at the point 
near the junction of Albany and Portland streets, the maximum 
settlement was about three and a quarter feet. At ‘‘ Fort Wash- 
ington,” about three thousand feet southwesterly, the sewer 
remains practically at grade, and at Broadway near the Mason 
and Hamlin Organ Company Building, about sixteen hundred 
feet northeasterly, it is at grade again, —so that between these 
points the metropolitan sewer is working as an inverted siphon. 
The city sewer is in the same condition at this point, being now 
about three feet below the original grade. At the point of great- 
est settlement above referred to, a boring was made by Past 
President Charles R. Gow, and it was carried one hundred forty- 
three feet below the surface to bed rock, and five feet more into the 
rock. From the level of the metropolitan sewer down to the 
rock, nothing but sand and clay was found by Mr. Gow. An- 
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other curious thing is that this settlement extends in a westerly 
direction away from Charles River and its muddy shores, for 
more than half a mile, to where the soil, thoroughly tested by 
borings for the ‘‘ Cambridge Main Street Subway,” consists 
entirely of sand and the underlying clay. Even here substan- 
tial settlements have occurred. Heavy brick buildings founded 
on the sand have settled from one to two feet without rupture 
of walls or foundations. The sewer in Main Street, running 
near the northerly boundary of the Technology property, was 
found to be from one to two feet below the grade at which it 
was laid although it was built in the sand below which no mud 
was found by the borings of the engineers for the construction 
of the subway above referred to. 

From a consideration of these and other similar data, it 
does not seem that the explanation quoted by Mr. Main in his 
paper from the report by Professor Crosby, to the effect that the 
various settlements noticed in the vicinity can be attributed to _ 
the presence of layers of mud or similar material in the ground 
upon which the structures rest, is at all adequate or convincing. 
It seems that either one of the following theories would more 
fully explain the conditions as they exist there: 

First, that the materials upon which these _ structures 
which have shown settlement rest — namely, sand and a thick 
layer of clay — have had more or less of the water which they 
contain squeezed out by the unusual pressure applied there, 
thus allowing a gradual compression of these materials showing 
itself in the settlements noticed. 

Second, that there has been a gradual lateral movement 
of the clay bed at the points where continuous and heavy pres- 
sures are applied, causing a subsidence or settlement at these 
points and possibly a rise in the surface at other points. A 
study of the borings taken here shows that the clay, while hard 
and firm at the bottom near bed rock, is generally quite soft and 
plastic so as to become mobile at the top, and may thus readily 
become displaced under unbalanced pressures. 

Experience here seems to warrant the conclusion that build- 
ings built upon this area, unless extraordinary means are taken 
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to prevent it, will be subject to a substantial amount of settle- 
ment, and that structures: must be designed so that the settle- 
ment, when it occurs, shall be uniformly distributed and as little 
in amount as possible. It must be confessed that the conditions 
as they exist in this tract are such as to render the accomplish- 
ment of these designs one of great difficulty. 

All engineers will watch with interest the results of the 
efforts by the designers of the Technology buildings to accom- 
plish these ends. 
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THE construction of the new buildings of the Massachusetts 
Institute of Technology represents one of the most comprehensive 
schemes, for an educational institution, that has been developed 
in this country. Standing upon an area of 50 acres, the build- 
ings themselves cover an area of 33 acres, and if placed in a 
straight line would extend some 2 500 ft. in length. Except the 
stairways, which are of structural steel, reinforced concrete 
was used throughout, and about 40000 cu. yds. of concrete 
and 3 600 tons of steel reinforcement were required. 

The main subject of this paper is the structural features of 
the work, more especially the engineering studies and investi- 
gations that determined them. In connection with a general 
description of the layout of the work, however, the more inter- 
esting construction details are taken up. 
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ARRANGEMENT OF BUILDINGS. 


The complete plan provides for over thirty buildings, with 
seventeen of the larger and more important grouped around a 
central court and so arranged and constructed as to form one 
continuous building. 


Besides these, several academic. buildings were constructed, 
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Fic. 1. ARRANGEMENT OF BUILDINGS AND FRAMING PLAN OF SECOND FLOooR. 
namely, the President’s house, Walker Memorial building, and 
dormitories. Although several of these buildings provide inter- 
esting features in design, they will not be described in this paper. 

The buildings facing directly on the major and minor courts, 
and on the important streets, are faced with Indiana limestone. 


On the secondary courts and other less prominent places, pressed 
brick is used. See Fig. 1. 
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The buildings on the major court have four stories, and those 
on the minor courts three, but on these latter are two pavilions 
that run up to the fourth story, one either side of the main en- 
trance from the street. 

The Administration Building, which is in the center of the 
group, is five stories high and is provided with a dome. 


MATERIALS, TESTS AND STRESSES. 


Concrete Materials and Tests. — Although eastern Massa- 
chusetts is largely covered with glacial deposits of sand and 
gravel, it is by no means easy to find materials that make first- 
class concrete. Available sources of supply were sampled and 
tested before placing the contract for aggregates, and finally a 
new bank located about twelve miles from the site was opened 
and the contract made for excavation, screening and delivery. 

Immediately after deciding on the aggregate, compression 
tests of cylinders 8 in. in diameter by 16 in. long were made, to 
determine the best proportions and allowable stresses. As a 
result, three mixes were chosen, proportions I : 2 : 4, for the foot- 
ings and foundation walls, 1 : 14:3 for the superstructure, and 
I :1:2 for a few important columns that required especially 
high stresses. 

The cement used was tested regularly at the mill with check 
tests at laboratory. 

As sand tests are fully as important as cement tests, the 
inspector went to the bank at regular intervals for samples of 
sand which were sent to the author’s laboratory for testing. The 
specifications required a ratio to standard sand of 70 per cent. 
for three days and 85 per cent. for seven days. Although this 
is somewhat lower than the Joint Committee recommendations, 
it was found that the aggregate produced concrete of the required 
strength and furthermore the values could be used as absolute 
minimums on short time tests. As a matter of fact, the tests 
thus far have averaged 91 per cent. for three days, 100 per cent. 
for. seven, days, and 102 per cent. for twenty-eight days, an ex- 
cellent record, especially for New England sands. 

Field Tests. — Two field samples of concrete were taken 
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regularly on each section of the job at least four times a week 
for test at fourteen and twenty-eight days, both samples from 
the same batch in order to arrive at the true relative value. 
Wherever possible, the samples were taken directly from place; 
but for beams, columns and girders, this was impossible, and 
samples were taken from the barrow before placing. The con- 
crete was shoveled into two 14-qt. galvanized-iron pails, 
carried to the molding yard, remixed to eliminate the segregation 
of materials due to carrying from the work, and poured into iron 
molds imbedded in moist sand. The maximum and minimum 
temperatures were recorded every day. For mass concrete 
where the aggregate ran up to 2 or 2} ins., samples were cast in 
8 by 16 in. cylinders, but for the superstructure concrete, where 
the largest sized aggregate was not over I4 ins.,6 by 6 by 12 in. 
prisms were used because the material for the larger size of 
specimen is too heavy to carry down from the upper stories. 
The bottom of each mold was formed by a 3-in. iron plate. The 
concrete was tamped in the mold with a 6-in. ice chopper, taking 
about the same precautions as were employed on the regular work. 
Each sample was given one tamp on each face and four tamps 
at 90 degrees in the center. The time of the operations of 
dumping into the molds and tamping neverexceeded five minutes. 
Just previous to the initial set, the top surfaces were carefully 
troweled with a plasterer’s trowel in order to obtain uniform 
bearing for the compression machine. After forty-eight hours the 
blocks were taken out of the sand, removed from the molds, and 
reburied in the moist sand where they remained until the day 
before testing. 

Results of Tests.— The average results of these. concrete 
compression tests were as follows: 


I: 2:4 concrete, 14 days old, 1 640 lbs. 
I :2:4 concrete, 28 days old, 2 110 lbs. 
I : 13:3 concrete, 14 days old, 2 008 Ibs. 
I : 13 : 3 concrete, 28 days old, 2 520 lbs. 


Each value is an average of about 90 specimens, and the 
per cent. of variation from the mean runs much lower than is 


usual in construction work because of the care with which the 
samples were taken and molded. 
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The increase in strength from 14 to 28 days for the 1 : 2 aa 
concrete has averaged 23 per cent., and for the 1:12: 3 concrete 
25 per cent. The series of laboratory tests conducted last year 
by the American Concrete Institute Committee on Aggregates 
showed an increase of 19 per cent. in this period. 

The practical value of this system of sampling and testing 
was shown at the beginning of the job. Some of the specimens 
of I :2 :4 concrete gave low test. The method of handling the 
concrete on the job was changed at once, and subsequent speci- 
mens gave proper strengths. To be sure the concrete that had 
been previously placed was satisfactory, three or four samples 
were cut out of a solid footing three or four weeks old. After 
being sawed to a standard 8 by 8 by 16 in. size, they were crushed 
and the strengths averaged 2 200 lbs., a satisfactory figure for 
this portion of the structure. 

Properties of Reinforcing Steel. — The cold twisted steel used 
for reinforcement was tested at the mill with the following re- 
sults: 

Yield point varied from 57 000 to 64 000 lbs. and the tensile 
strength from 70 000 to 81 000 lbs. . 

Elongation in 8 ins. was 73 per cent. to Io per cent.,and 
reduction in area was 33 per cent. for the larger sizes of bars and 
I5 per cent. elongation with 50 per cent. reduction in area for 
sizes below # in. 

The fracture was a half cup. 

Bending tests for 4 in. and larger bars were 180 degrees 
around their own diameters, and, for bars below 4 in., 180 degrees 
flat. 
‘ Phosphorus ranged from .or per cent. to .o2 per cent. and 
sulphur from .03 per cent. to .04 per cent. 


Beam Tests. — The stresses were so chosen that no cracks 
would be visible under ordinary working loads, and before coming 
to a decision on these stresses full size T-beams were made and 
tested. ; 

As a result of the tests it was evident that the cracks in 
beams reinforced with twisted steel are less objectionable under a 
steel stress of 18 000 Ibs. per sq. in. than cracks in beams rein- 
forced with plain round bars under a stress of only 16 000 lbs. 
per sq. in. Moreover, so much of the tension was carried by the 
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concrete that with a theoretical stress of 18 000 lbs. the actual 
measured stress was only 8 000 Ibs.. In beams reinforced with 
twisted steel there were many more cracks than in beams rein- 
forced with plain round bars, but these cracks were all small 
and well distributed, and therefore unobjectionable, whereas in 
the plain round bar beams the cracks were larger and more 
noticeable. 


DESIGN. 


Complete specifications for the structural design, following 
substantially the recommendations of the Joint Committee on 
Concrete and Reinforced Concrete, were drawn up by the 
author. Only special features are considered in this paper. 


Unit STRESSES. 


The following standard unit stresses are based on the com- 
pressive strength of 8 by 16 in. concrete cylinders, tested in the 
laboratory, using the percentages for different kinds of stress 
recommended by the Joint Committee on Concrete and Rein- 
forced Concrete. 


Pi2esg EeirHi3 be 
Item. Concrete. Concrete. Concrete. 
Compressive unit strength of concrete in 8~ 
iby nG\ins cylinders av. eee 2 000 2 500 3 300 
Compressive fiber stress: 
At center iof bhéamian.d. eet ae eee 650 810 
AL SUDDOrtsne tnteee ne oe cee oe eee 750 930 ee 
Compressive stresss. 051.5 faq. sue eee On 450 560 750 
SHearINe Unt StreSs: a. 2k ee eee eee 120 *150 
Boridsstress i Nein en one ee 80 100 ule 
Ratiovof elasticitiy «ages « asst creer ee 15 12 10 
Steel tensile stress, .... IER Pro oe eo 18 000 18 000 18 000 


Bending Moments.— All beams were considered as contin- 
uous. The bending moment coefficients depended upon the 
arrangement of the columns. In ‘several buildings the con- 
tinuous beam consisted of two long end spans and one short 
center ,span.. In this case the ordinary bending. moment co- 
efficients were not sufficient and it was necessary to make special 
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calculations. Fig. 2 shows the typical spans, and Fig. 3 the 
positions of live and dead load for maximum bending moments 
for this type of beam. The formulas from which the bending 
moments are derived are rather complicated and involve inte- 
gral calculus. Solutions were worked out for the different con- 
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Fic. 3. DIFFERENT Positions oF Live Loap. 


ditions, and constants obtained by use of which the general 
formulas were reduced to the simple ones given below. 


Tet ; 

M, and M,=bending moments at center supports. 

m,. and m,,;=static bending moment at any point in the 
s respective end span due to load in that span. 
‘M~2=static bending moment at any point in the center span 

due to load in that span. 

s=ratio of end span to center span. 

J=length of end span. 

‘nl=length of interior span. 
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Then the general formulas will be as follows: 


1 1 ia nl 

2M, (I+nl) +Minl= 4} { mz, nde i thn, (tae | 
1 ml 1 1 

Manl+2M,(nl+l) = — of 3 [ master ae (l—zx) te| 


These formulas were solved and constants in terms of dead and 
live loads derived for different ratios of short span to long span 
and for different positions of the load. 

For design, as a result of these studies, the following simple 
formulas were used for the three-span continuous beam: 


End spans: Center M\= wh 
Support M:= ——wi. 
I 
Center spans: Supports M2.= Se wie. 


I 
te 
Middle 60 


In all above cases, / is the length of the end span. 

In the several buildings, the arrangement consisted of one 

center column and two wall columns. In this case the bending 
wi? 


moment used at the center and at the supports was M a 


In computing the bending moment the effect of negative moment 
at the wall column was considered. 

In the administration buildings most of the beams ene 
over several spans of equal size, therefore ordinary formulas 
were used. Special treatment, however, was required in the 
long beams over the lecture rooms, the span of which was 46 ft. 


SELECTION OF SPACING OF BEAMs. 


The size of the panels, i. e., the arrangement of the columns, 
was determined by the architectutal treatment. To determine 
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the spacing of the beams in the panel, comparative estimates 
were made of the relative costs of the following three cases: 


Case I. Panel with no intermediate beam; slab 15 ft. 6 ins. 
solid concrete construction. 

Case II. Panel with one intermediate beam: slab 7 ft. 9 ins. 

Case III. Panel with no intermediate beam; slab 15 ft. 
6 ins. with tile. ; 


The panel with no intermediate beam, slab 15 ft. 6 ins. solid 
concrete construction, proved the most economical. The inter- 
esting result of the estimate was that the cost of forms and not 
the cost of materials was the determining factor. For instance, 
in the selected type, the cost of materials was $134 per panel, 
while in the type with one intermediate beam the cost of ma- 
terials was only $130. However, the cost of forms in the first 
case was $36.25 against $48.27 in the second case, so that the 
total cost of the accepted type was $170.25 against $178.27 of 
the second type. The cost of the hollow tile construction was 
more expensive than either of the two concrete types, mainly 
due to the cost of the tile. 

Attention should be called, of course, to the fact that with 
prevailing high prices of materials, the relative economy of the 
various types may be different. 

In computing cost of forms the book on “ Concrete Costs,” 
by Taylor & Thompson, was found very useful. 


ADMINISTRATION BUILDING. 


The design of the Administration Building presents several 
features of particular interest. The building is five stories high, 
and the height from the basement level to the highest point of 
the dome is around 151 ft. 

The building, besides offices and regular class rooms, has 
two lecture rooms, one on the second floor and one on the fourth 
floor. The dimensions of the lecture rooms are 72 ft. by 72 ft. 
The lecture room on the second floor, which is two stories high, 
is provided with seats amphitheatrically arranged. These 
rooms have only two interior columns. The girders supporting 
the floors over the lecture rooms were 48 ft. long, and their di- 
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mensions 24 ins. by 78 ins. The girders were of special section. 
The beams supported by these girders were 24 ft. long, spaced 
12, its om centers: 

The fifth floor of the Administration Building, which is 
used for the library, is of circular shape with a radius of 60 ft. 
This portion, besides the wall columns arranged in a circle, has 
eight interior columns which extend to the top of the dome. 
The wall columns and the wall of the circular portion are sup- 
ported by a ring girder, which in turn rests on 24-in. by 60-in. 
girders. 

The open space in the library is circular, and is of 72 ft. 
diameter. 

The roof of this circular portion of the Administration Build- 
ing has the appearance of a dome, the diameter of which is 108 ft. 

Originally it was intended to construct the dome of steel 
ribs; also, a gustovina tile dome of a diameter of 108 ft. was 
considered. Upon further investigation, however, it was de- 
cided to carry the eight interior columns, mentioned before, to 
the top of the dome, thereby reducing its span from 108 ft. to 
around 72 ft. 

The roof, therefore, is composed of the dome proper of 72 
ft. diameter, and a slanting beam and slab construction in which 
the beams are arranged radially, giving the outside effect of a 
dome. With this arrangement, it was found possible to con- 
struct the entire dome of reinforced concrete. 

The slab composing the dome proper was 5 ins. thick on the 
top, and 8 ins. thick at the haunch. A reinforced concrete ring 
of suitable dimensions was provided at the haunch, to take the 
thrust of the dome. This ring rested at the top of the eight 
columns. The remaining portion of the dome consisted of beam 
and slab construction, where the beams and slabs were inclined 


to give the circular effect. The dome slab was:reinforced with 
radial bars and concentric rings. 


BEAM REINFORCEMENT. 


Beams are all continuous, and negative moments were pro- 
vided for in the design. The location of bends in steel was 
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always selected so as to leave as much steel as was required for 
both tension and compression stresses. As a rule, about three 
eighths of the shear was considered to be carried by the bent 
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Fic. 5. Typical BEAM AND CoLUMN ON Major Court. 


bars in accordance with recent tests. Typical reinforced beams 
and columns are shown in Fig. 4 and Fig. 5, and typical cross 
sections of the buildings are shown in Figs. 6 and 7. ; 
Unusually long beams of special design were used in the 
construction of the pavilions in Buildings 1, 2, 5 and 6, where 
it was desirable to have class rooms over 40 ft. sq. with no inside 
columns. Four beams running at right angles to each other, 
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Fic. 6. Cross SECTION oF BurmLtpING oN Minor Court. 


Roof Gr 86. 


— 


Fic. 7. Cross SEcTION oF BUILDING ON Mayor Court, 
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two in each direction, divided the floor into nine nearly square 
panels. The beams were 18 by 36 ins., and the reinforcement 
consisted of six I-in. and six 2-in. bars at the center and five I-in. 
and two j-in. bars at the ends. All bars were square twisted 
steel. The pavilion roof beams are also unusually large because 
of the architectural treatment. 

Interior Columns. — All interior columns are square, and 
reinforced. with vertical steel only. Bands were placed 12 ins. 
on centers to keep the steel in position during construction, 
The eccentricity of interior columns was neglected because the 
short beams were designed with sufficient steel to prevent bend- 
ing in the column. 

Wall Columns. — In the design of wall columns account was 
taken of the bending moment produced by the rigidity of the 
connection between beam and column. The eccentricity in 
this case was computed carefully and enough steel provided to 
take care of it. To provide for the bending moment in the top 
story, however, it would have been necessary to use larger 
columns than the architectural treatment would permit. There- 
fore, to prevent a bending moment in the columns, it was de- 
cided to make a joint between the columns and roof beams and 
not to carry the outside reinforcement through the beam. 
Columns were then designed for the superimposed load placed 
on the column with an eccentricity of 0.4 the width of the column. 


Slabs. — The floor slabs, which are continuous, were de- 
wi? 
signed for a bending moment —— Tp at the support and the same 


moment in the center of the span. To prevent cracks in the 
building as far as possible, short bars were placed on the top 
over each girder whenever the main slab reinforcement ran 
, parallel to the girder, and, in fact, wherever there was danger of 
negative stresses. 

Walls. — Retaining walls were cast monolithic with the wall 
columns except on the outside wall. In the minor and major 
courts separate retaining walls were built about 3 ft. 9 ins. from 
the building line. 

Floor Surfaces. — Special studies af floors were made and 
several experimental slabs were built in order to find the method 
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of placing that would result in minimum dusting and a satis- 
factory bond with the slab. The scum which always rises on 
the surface of base concrete was removed by brushing the slab 
with a wire brush just as it begins to harden. The tests showed 
that dusting is best prevented by using, with granolithic, coarse 
sand containing scarcely any dust and mixed with broken stone 
ranging from + in. to 4 in. in size and mixed in a stiff mortar in 
the proportions 1:2:12. Asa result of. laboratory tests, stiff 
neat cement brushed into the set concrete was selected as the 
best bonding material between the base concrete and granolithic. 
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